The effect of dietary sodium depletion and of oral hydrallazine hydrochloride and parenteral hexamethonium bromide on the digital circulation was studied by repeated measurements of pressure and flow before and after inhibition of sympathetic nerve discharge in a small series of hy-
pertensive patients. Sodium depletion had no demonstrable effect on neurogenic digital vasoconstriction but produced either a decrease in intrinsic digital vascular resistance, a decrease in intrinsic flow, or both. The chief effect of the drugs studied, in contrast, was elimination of neurogenic digital vasoconstriction. SODIUM depletion is known to decrease the blood pressure of some patients with primary hypertension." 2 In order to study the mechanism of this effect, arterial blood pressure, blood flow and vascular resistance in the digital circulation were measured before and after inhibition of sympathetic nerve discharge. These studies were carried out in 13 hypertensive patients on low-sodium diets. Although the results were similar in all these cases only five are reported here because urinary electrolyte controls were available in these cases only. The results were contrasted with a similar investigation before and after the administration of hexamethonium bromide and hydrallazine hydrochloride in two hypertensive patients and hydrallazine hydrochloride alone in two hypertensive patients. One of the latter patients was studied both during 586 dietary and, subsequently, during drug therapy. METHOD Digital blood pressure was measured with a Gaertner capsule,3 a metal cylinder lined with an inflatable rubber cuff. The finger is blanched by rolling a rubber band from the tip of the finger to the base, and the Gaertner capsule encircling the middle phalanx is inflated above systolic pressure. The rubber band is cut and the capsule gradually deflated. Systolic pressure is the point at which flushing appears in the fingertip and diastolic pressure, the point of cessation of throbbing.4 Both points are checked three to five times.
Blood flow was measured calorimetrically,5 using the Fick principle to determine blood flow to digital skin. Instead of oxygen, heat is used to measure flow. In this technic the finger is inserted into an insulated covered cup containing water, a Beckman thermometer, and a mechanical rotary stirrer. The temperature of the stirred water, initially set at 6 to 7 C. below mouth temperature, is read every minute from the thermometer as heat is transferred from finger to the water. When the temperature rise becomes relatively constant, the average minute increment for three minutes is used for the determination. To this value is added the fall in the calorimeter temperature, when a cork replaces the finger, as representative of the temperature loss from the calorimeter to the room.
The venous blood temperature in the finger during the three-minute study period is assumed to be equal to the mean calorimeter water temperature, whereas the arterial blood temperature is assumed to approximate mouth temperature. Both these assumptions have been shown to be valid by direct thermo-Circulation, Volume IX, April, 1954 couple measurements after inhibition of sympathetic nerve discharge.6 Before such inhibition the assumptions are valid provided the room temperature is maintained at 27 C. or more.7 The total number of calories delivered in one minute divided by the arteriovenous blood temperature difference and the area of immersed skin, represents blood flow in cubic centimeters per square centimeter per minute.
Corrections are made for the specific heat and specific gravity of blood and the hydrothermic equivalent of the apparatus.5
In each of the observations reported here, measurement of digital blood pressure and flow were made prior to, and after, the inhibition of sympathetic nerve discharge. The preliminary measurements were made at room temperature of 28 C. ± 1 degree.
Sympathetic nerve discharge was inhibited by heating the trunk with an electric bulb cradle baker.7 This inhibition was supplemented by the administration intravenously of 5 mg. per kilogram of tetraethylammonium chloride9 in seven cases, and 0.8 mg. per kilogram of a quaternary amine, 2,6-dimethyl-1,1-diethyl piperidinum bromide (SC-1950)* 10 in one case. In one other case heat alone was used. Arnott and Macfie" have demonstrated that, in the skin of the digits, indirect heat alone inhibits sympathetic nerve discharge completely. The drugs were used to supplement the effect of indirect heat * Furnished by G. D. Searle and Co., Chicago, Ill. and especially to prevent reflex and psychic "breakthrough."'2
The flow-pressure ratio multiplied by a constant is expressed as vascular volume index.'3 Flow is expressed in cubic centimeters per second and pressure (arithmetic mean) in dynes per square centimeter. The constant, ,, is blood viscosity in dyne seconds per square centimeter. The index is measured in cubic microns. It is preferred because it is a rectilinear function of successive increments in flow at any given pressure, whereas resistance is curvilinear, approaching infinity with decreasing flow. Vascular volume index is a reciprocal of resistance and is directly proportional to the caliber of the blood vessels. The increase in caliber produced by sympathetic inhibition is considered representative of the neurogenic component of the vasoconstriction.
The caliber after sympathetic inhibition is considered representative of the intrinsic or non-neurogenic structure and tone of the blood vessels.
The first set of studies was performed after three to seven weeks on control diets containing 30 mEq. of sodium daily, as analyzed by ashing and flame photometry. One patient's control study was performed while he was receiving a standard hospital diet. Each patient was then placed on a low-sodium diet and restudied at intervals, after 1 to 14 weeks.
The low-sodium diet consisted of either a standardized (Kempner)' rice-fruit diet or a special lowsodium dietlb containing less than 4 mEq. of sodium in the daily ration. No patient was considered to be on a low-sodium regimen unless the urinary sodium and chloride were below 4 and 12 mEq. per day respectively. The drugs, employed for one to sixweek therapeutic trials before each study, were oral hydrallazine hydrochloride* 14 and parenteral hexamethonium bromide.t15 RESULTS Table 1 presents the significant data in all the cases studied with respect to the effect of the sodium restricted diets on the digital circulation, and figure 1 demonstrates two cases graphically. There are two major effects of the diet. In two cases the calculated intrinsic (or non-neurogenic) vascular volume was increased, whereas in two other cases the only effect was a decrease in intrinsic blood flow, vascular caliber remaining comparatively unchanged. A combination of these two effects was observed in one case. The average random index under these conditions is d-10 per cent. This is documented in earlier studies4 as well as in numerous subsequent observations including the control studies presented here.
The extent of the downward trend observed in flow or the upward trend in vascular volume index is therefore beyond that to be expected from chance fluctuations. The neurogenic component of the vasoconstriction fluctuated with great lability as was evident in the blood flow and vascular volume measurements prior to sympathetic inhibition. It was not significantly affected by the diet. Table 2 presents the data from cases studied on drugs, and figure 2 demonstrates two such cases graphically. Ilydrallazine, alone or combined with parenteral hexamethonium bromide, inhibited the neurogenic component in 
DISCUSSION
Dietary sodium depletion in these studies either increased the intrinsic (non-neurogenic) caliber of the blood vessels or decreased the intrinsic blood flow as measured in the digital circulation. The decreases in brachial blood pressure were roughly proportional to these effects. The low-sodium regimen did not affect the neurogenic component of digital vasoconstriction. This seems in accord with the suggestion of Perera and Blood16 "that vasoconstrictive factors (at least in part neurogenic) in hypertensive patients are independent of those alterations in peripheral resistance influenced by sodium chloride .... " Their tentative conclusion was drawn from the observation that after salt restriction a "patient's ability to respond to autonomic or neurogenic stimuli is unaffected" as was manifest in "an absence of correlation between 'resting' and 'casual' blood pressure readings .....
In contrast, the effect of the two drugs in decreasing the neurogenic component of the digital skin circulation is similar to some of their demonstrated actions on other parts of the systemic circulation.17-'9 In the digits, however, the neurogenic factor is exaggerated, probably because of the large number of arteriovenous anastomoses which are under sympathetic nervous control°20 Hence, inhibition by drugs of neurogenic vasoconstriction is more striking in the digital than in the systemic circulation as a whole.
SUMMARY AND CONCLUSIONS
Digital arterial pressure, blood flow and vascular resistance were measured repeatedly before and after inhibition of sympathetic nerve discharge in eight patients with hypertension. The effects of dietary sodium depletion were evaluated in five patients and the. effects of hydrallazine hydrochloride and hexamethonium bromide, in the remaining three and in one of the preceding five.
Although broad statistical conclusions cannot be drawn from this series of cases, the lowsodium regimen, in the cases studied, increased intrinsic digital vascular caliber, decreased intrinsic digital blood flow, or did both without producing any significant or consistent effect on the neurogenic component of the vasoconstriction. In contrast the major effect of either hydrallazine hydrochloride alone or in combination with hexamethonium bromide was inhibition of neurogenic digital vasoconstriction, although some increase in intrinsic digital vascular caliber was also produced.
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SUMARIO ESPANOL
El efecto de la deplecion del sodio dietetico y de la administracion oral del clorhidrato de hydrallazine y administracion parenterica de bromuro de hexamethonium en la circulacion digital fu6 estudiado por medio de repetidas determinaciones de presi6n y circulacidn antes y despu&s de la inhibicidn de descargas de nervios simpaticos en una serie pequefia de pacientes hipertensos. Deplecion del sodio no tuvo efecto demostrable alguno en la vaso-constricci6n digital neurol6gica pero produjo o un decremento en resistencia digital vascular intrinseca, o un decremento en circulacion intrinseca, o ambos.
